Pancreatic 13 cells exhibit oscillations in electrical activity, cytoplasmic free Ca2+ concentration ([Ca2+];), and insulin release upon glucose stimulation. The mechanism by which these oscillations are generated is not known. Here we demonstrate fluctuations in the activity of the ATPdependent K+ channels (KATP channels) in single 13 cells subject to glucose stimulation or to stimulation with low concentrations of tolbutamide. During stimulation with glucose or low concentrations of tolbutamide, KATP channel activity decreased and action potentials ensued. After 2-3 min, despite continuous stimulation, action potentials subsided and openings of KATP channels could again be observed. [Ca2+], was measured at 37°C in fura-2-loaded 3 cells. Before the experiments, cells were exposed to 1.5 ,u M fura-2/AM for 20 min at 37°C. The f3 cells, attached to coverslips, were then transferred to a perifusion chamber (7). The [Ca2+]i measurements were carried out essentially as reported (7) 
The resting conductance of the pancreatic (3 cell is predominantly determined by ATP-dependent K+ channels (KATP channels) (1) . Metabolism of glucose causes these channels to close, leading to membrane depolarization and initiation of electrical activity. This in turn causes an increase in cytoplasmic free Ca2+ concentration ([Ca2+] i), which triggers insulin release (2) . Stimulation of (3 cells with intermediate glucose concentrations (8-12 mM) results in a characteristic pattern of slow oscillations in membrane potential on which bursts of action potentials are superimposed (3) . [Ca2+] , oscillates in synchrony with electrical activity (4) , and oscillations in [Ca2+ ] correspond to pulsatile insulin release (5) . Absence of normal oscillations in plasma insulin levels is observed in maturity onset diabetes (6) . The molecular mechanisms regulating glucose-induced oscillations in electrical activity, [Ca2+] i and insulin release in (3 cells are not known, but the elucidation of these mechanisms is of importance for the understanding of impaired (3- MATERIALS AND METHODS (3 cells were isolated from a local colony of obese (ob/ob) mice as described (7) . Pancreatic islets from these mice contain more than 90% (3 cells (8) , which have been shown to contain KATP channels displaying normal characteristics (9) . Adult mice were killed by decapitation and islets were isolated using a collagenase technique. A (Fig. 1D) . Thus, there is a correlation between the pattern of (-cell electrical activity and the magnitude of the whole-cell KATP current, such that the time spent at the depolarized plateau potential varies inversely with the magnitude of the KATP current (1 We tested the hypothesis that oscillations in electrical activity are paralleled by spontaneous oscillations in KATP channel activity by estimating the input conductance, under temporary voltage-clamp conditions at -70 mV, during the plateau and silent phases of electrical activity. In the presence of 10 mM glucose, the input conductance (measured from the current response to 10 mV excursions from a holding potential of -70 mV) was assessed to 22 pS during the depolarized phase. During the silent phase, the conductance increased to 350 pS (Fig. 1C) . In a series of experiments, input conductance increased from 43 ± 31 pS to 240 ± 78 pS (mean + SD, P < 0.05, n = 4) when the cell spontaneously repolarized in the continuous presence of 10 mM glucose.
To directly study the relationship between openings of the KATP channel and electrical activity, we performed single KATP channel recordings in intact , cells with preserved metabolism by using the cell-attached configuration of the patch-clamp technique. Fig. 2 shows a typical recording from one 3 cell in a small cluster of cells. This cell displayed frequent openings of KATP channels at a nonstimulatory concentration of glucose. As the concentration of glucose was raised from 3 to 10 mM, channel activity subsided and action potentials were observed. After 1-3 min, however, the action potentials ceased and abundant openings of K+ channels were again observed, despite the continuous presence of glucose. These channels are KATP channels, because 100 ,tM tolbutamide, added to the perifusion medium, caused an immediate block of channel activity and induced a continuous train of action potentials. Together these results provide good evidence that the mechanism behind the oscillatory electrical activity in single 3 cells, showed that periods of KATP channel openings alternated with periods of action potentials in the continuous presence of 10
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,tM tolbutamide (Fig. 3B) .
It was reported that KATP channels remain closed during the repolarized phase of glucose-induced oscillations in membrane potential (16) . In contrast, our results show that the open probability of the KATP channel undergoes spontaneous fluctuations during glucose stimulation. Glucose metabolism is known to oscillate in various systems (17) (18) (19) . In pancreatic islets, oscillations in oxygen consumption have been reported, paralleling oscillations in [Ca2+]i (20) . Accordingly, it has been proposed that oscillations in [Ca2+] , in the pancreatic 13 cell could be caused by fluctuations in the activity of the KATP channel due to underlying oscillations in intracellular metabolism (21) . Our results are consistent with this view. The open probability of the KATP channel increases when the ATP/ADP ratio is low (1) . Such a situation can be created by inducing a transient suppression of metabolism by exposing the f3 cell to the metabolic inhibitor sodium azide (NaN3), which blocks cytochrome a3 (22) . NaN3 has indeed been shown to decrease the ATP/ADP ratio in the , cell (23) and would therefore be expected to cause an increased number of openings of the KATP channel. As seen in Fig. 4 ,4, 20 mM glucose induced A 3 mM azide 20 mM glucose continuous electrical activity, which immediately ceased as NaN3 was added. The changes in input resistance, reflecting current through KATP channels, measured before, during, and after perifusion with NaN3 (Fig. 4A ii-iv) , mimicked the spontaneous fluctuations in input resistance observed during continuous perifusion with 10 mM glucose. The effect of the metabolic inhibitor was readily reversed upon withdrawal of the compound. A strong repolarizing effect of NaN3 was also seen during stimulation with 100 puM tolbutamide in the presence of 3 mM glucose (Fig. 4B) . During cell-attached recordings of KATP channel activity, a clearcut increase in channel openings occurred in the presence of the metabolic inhibitor (Fig. 4C) , thus explaining the repolarizing effect of NaN3. In a series of experiments, a more than 5-fold increase in mean KATP current was observed [575 ± 33% (mean ± SD), P < 0.01, n = 5] during addition of the metabolic inhibitor in the presence of 3 mM glucose.
These (25) , pyridine (26) , and guanine (27) nucleotides and intracellular pH (28) . The 
